Ninety formulations of neem oil (Azadirachta indica), N1; nicotinic acid, N2; and Ferula asafoetida, N3 at different concentrations with a, b-unsaturated carbonyl compounds (1a-1i), were screened in vitro against Sclerotium rolfsii ITCC 5226 and Macrophomina phaseolina ITCC 0482 following the Food Poisoning Method. Formulation 3 : 1,1a-N2(Ϫ) was found to be the most effective against S. rolfsii, enhancing the activity of 1a 2.7 times at 66 ppm, whereas 3 : 1,1f-N3 was found to be 5 times more active against M. phaseolina than 1f alone. A number of other formulations also showed significant synergistic effect in increasing fungicidal activity. The current study showed that the combination of synthetic and natural products may be an effective novel alternate approach to control pathogenic fungi.
Introduction
Worldwide agriculture suffers from huge annual losses of crops due to plant diseases caused by fungi. Among various pathogenic fungi, Sclerotium rolfsii and Macrophomina phaseolina have extensive host ranges. More than 500 species belonging to 100 families are susceptible to these pathogenic fungi. The most common hosts are legumes, crucifers, and cucurbits. 1, 2) Although effective chemical control measures are available against these fungi [3] [4] [5] [6] eco-campaigners have restricted their use due to their harmful impact on the environment as well as on users. 7) As a result, efforts are being made to replace synthetic compounds by more compatible, less toxic, biodegradable, environmentally benign products of natural origin; 8, 9) however, it is not feasible to use natural products as an alternative to chemical pesticides because of their own limitations of structural complexity, lower availability and instability. To develop environmentally acceptable new fungicides, our earlier report highlighted the exploitation of synergistic interactions between natural products and simple chemical moieties to enhance the efficacy of natural products and reduce the concentration of synthetic compounds at the same dose level. 10) Keeping this in mind, we report the antifungal activity of a number of formulations prepared by mixing synthetic and natural products in different ratios against Sclerotium rolfsii ITCC 5226 and Macrophomina phaseolina ITCC 0482. The natural products, viz. neem oil (Azadirachta indica) (N1), nicotinic acid (N2) and Ferula asafoetida (N3), used in the current study have been well documented for their wide range of applications in agriculture and pharmacology, [11] [12] [13] [14] [15] [16] suggesting their biocompatibility with the environment as well as with humans and other mammals. Further, synthetic constituents selected for investigation possess i) a carbonyl group in conjugation with a double bond as this is reported to have a profound effect on the activity of various pharmacologically important compounds, 17, 18) and ii) a basic chalcone nucleus (1c-1i), as several naturally occurring and synthetic compounds with chalcone as the core nucleus have been reported to have broad spectrum biological activity, 19) such as insecticidal, 20) antifungal, 21) antioxidant, [22] [23] [24] tyrosinase inhibitory, antimitotic, 26) and antibacterial activity. 27, 28) In addition, all of the compounds can be synthesized easily at ambient temperature and pressure with minimum use of hazardous chemicals.
The present study was conceptualized to establish (i) the superiority of the combination of synthetic and natural products over the use of a single isolated constituent for the control of plant pathogenic fungi, and (ii) the most effective formulation consisting of the optimum concentration of each component.
Material and Methods

Synthesis
All of the reported structural modifications were carried out by classical aldol condensation involving base-catalyzed condensation of the desired carbonyl compounds followed by dehydration forming a, b unsaturated carbonyl compounds. The detailed synthetic route is described below.
In a two-necked round-bottomed flask, equipped with a mechanical stirrer, desired aldehyde (0.01 moles) was added to the required amount of alcoholic NaOH. Acetone (0.02 mol, for 1a-1b) or the requisite aldehyde (0.01 mol for 1c-1i) was added slowly from a dropping funnel with vigorous shaking. The reaction mixture was maintained at 25°C. The reaction was completed in 40-45 min with the formation of yellow precipitate. If no precipitation occurred, the reaction mixture was kept in a refrigerator overnight. The precipitate was filtered out and recrystallized using an appropriate solvent 29) ( showed the presence of a tertiary aromatic amine. UV spectra were recorded on a UNICAM UV-4 spectrophotometer using ethanol as a solvent. The UV spectra showed n→p* transition (l max in the range of 300-340 nm) with an increment of wavelength indicating the presence of a conjugated carbonyl group. 1 H-NMR (CDCl 3 ) spectra were recorded on a Bruker ACP 300 MHz and CHN analysis was recorded with an Element analysensysteme GmbH VarioEL. The NMR spectra and CHN results were found in accordance with their expected values.
In vitro antifungal assay: Determination of percentage of inhibition.
Culture medium
Potato dextrose agar purchased from HI MEDIA, MUO96, was used as the culture medium.
Preparation of test samples
A stock solution was prepared in acetone. The combination of compounds (1a-1i) with natural products, neem oil (A. indica) (N1), available commercially in Ayurvedic medical stores without a prescription in India, nicotinic acid (N2), purchased from CDH, 044069 and F. asafoetida (N3), commercially available, standard grade, were prepared in the requisite ratio.
3.3. Bioassay Antifungal activity was evaluated using the Food Poisoning Method in terms of the percentage of inhibition, as described below. 30) Mother cultures of fungal species, grown and maintained on potato dextrose agar (PDA) medium at 28Ϯ1°C were used for the experiments. Test samples were added to the medium (65 ml) to obtain the desired concentrations (66 ppm). The medium was thoroughly mixed and poured into Petri dishes (2 replications) under aseptic conditions in a Laminar Flow Chamber. The plates were kept under UV light in the Laminar Flow Chamber for medium solidification. After solidification, a 5 mm disc of the desired pathogenic fungus containing mycelia was inoculated aseptically in the center of the Petri dish. Acetone alone served as a control. The inoculated Petri dishes were kept in a BOD incubator and maintained at 28°C until fungal growth was almost complete in the control plates. The mycelial growth of fungi (cm), in both treated (T) and control (C) Petri dishes, was measured diametrically and the percentage inhibition of growth (I) was calculated using the following formula 31) :
The results of control assays together with the combination of synthetic compounds and natural products are reported in Tables 2, 3 and 4.
Results
No significant antifungal activity was observed when neem oil (N1) was tested against S. rolfsii, whereas nicotinic acid (N2) and F. asafoetida (N3) were inactive and are represented as N2(؊) and N3(؊) respectively, ('؊' indicates component inactivity). N1 and N3 showed mild antifungal activity against M. phaseolina of 44.44% and 33.33% inhibition, respectively, when tested alone, while N2 showed 55.55% inhibition and is represented as N2 (؉) ('؉' indicates moderate activity).
Most of the synthetic compounds were well active against M. phaseolina with inhibition ranging 50-89%; however, only 1b and 1c exhibited noticeable activity with 50% and 30% inhibition, respectively, against S. rolfsii (Table 2 ). Among the synthetic compounds, 1a exhibited better activity in combination with all of the natural products. Among various formulations of N1 with 1a-1i screened against M. phaseolina (Table  2 ), the 1 : 1,1a-N1 formulation was found to be more active than N1 alone or was almost the same with respect to 1a when tested alone. Similar results were observed for 3 : 1,1c-N1 against S. rolfsii. Here, the amount of N1 and 1c was reduced by 75% and 25%, respectively, but fungal inhibitory activity remained unchanged with respect to synthetic component 1c while it was more than twice the activity of N1 when tested alone.
Among various formulations of N2 with 1a-1i screened against S. rolfsii (Table 3) , 3 : 1,1a-N2(؊) may be of great interest because N2 was found to be inactive when tested alone but in combination with 1a in the ratio of 3:1 it was very effective, with a 2.7 times increase in antifungal activity. This has been found to be the most effective formulation. Similar results were observed for 3 : 1,1c-N2(؊). Due to the synergistic action of N2(؊), there was a slight increase in the antifungal activity of 1c, although its concentration was reduced to 75% at a 66ppm dose level ( Table 3 ).
The activity of 1 : 1,1a-N3 against M. phaseolina (Table 4 ) remained the same, although the concentration of active compound 1a was reduced from 66 to 33 ppm, by the addition of moderately active N3.
A similar effect of N3(؊) was observed in 3 : 1,1b-N3(؊) against S. rolfsii. Good synergism was observed with 3 : 1,1c-N3(؊) against S. rolfsii. 1f showed no antifungal activity against M. phaseolina when tested alone; however, in combination with N3 (3 : 1,1f-N3) , antifungal activity was found to be almost equal to N3 when tested alone (Table 4) .
Discussion
Detailed analysis of the bioassay data revealed that the formulation 3 : 1,1c-N1/N2(؊)/N3(؊) exhibited good antifungal activity against S. rolfsii; however, maximum activity was observed with 3 : 1,1a-N2(؊), which is a combination of 
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Composition contains natural product and synthetic compound in the following percentages:
A: 100% synthetic compound; B: 3 : 1, synthetic compound and F. asafoetida. C: 1 : 1, synthetic compound and F. asafoetida; D:
slightly active 1a and inactive N2 (Table 3) . For better activity of the 3 : 1,1a-N2(؊) formulation, it is suggested that double bond, equally distributed around the carbonyl group, as well as the presence of hydroxyl groups at the 2,2Јpostion of the benzene ring in 1a, 32) interacts with the carboxylic acid group attached to the heterocyclic ring in nicotinic acid and thus plays an important role in suppressing fungal growth. Similar reasons may be attributed to the better antifungal activity of 1 : 1,1a-N1/1 : 1,1a-N3 against M. phaseolina, though the interaction of 1a with the natural products N1 and N3 is not well understood. A reasonable structure-related interpretation of these experimental phenomena is still under consideration to understand the action and interaction of components to develop a new class of environmentally safe fungicides.
Compound 1c is a basic chalcone nucleus of natural origin, and its synergistic interaction and/or compatibility with other natural products N1, N2(؊), N3(؊) may be the reason for better antifungal activity against S.rolfsii. It may be concluded that the present paper explores the use of combinations of natural products with synthetic chemicals to facilitate disease control with the aim of minimizing the use of synthetic chemicals, preventing the emergence of resistant mutants during application and obtaining synergistic or additive antifungal agents. The significance of the current study is to identify the most effective formulations with the optimized concentration of each constituent at a dose level of 66 ppm. Any change in the ratio can influence the bioefficacy of the product. Among the test samples, the formulations having F. asafoetida as the natural component showed significant antifungal activity. The bioactivity of F. asafoetida has long been known. Its medicinal value and activity against human pathogens led us to identify its activity against experimental plant fungi for the first time.
Although the potentiated effect of combinations of different natural substances have been reported 33, 34) there has been scant attention regarding combinations of synthetic and natural products. This work is a new step forward as we have introduced antifungal agents exploiting the synergism between synthetic compounds and natural products, which show significant activity, even at a concentration of merely 66 ppm. It is noteworthy that at this minimum dose level, ascertained after repeated experiments, the maximum test samples showed significant activity.
The present approach requires the attention of scientists worldwide to obtain complementary data from field studies to evaluate the bioefficacy of such products under natural environmental stresses that may lead to a new pathway towards sustainable pest control. However, based on the current findings, we can safely propose that a combination of synthetic and natural product is an eco friendly, economical, alternative approach to control plant pathogenic fungi with the potential to become part of the Integrated Pest Management (IPM) program. Vol. 34, No. 4, 253-258 (2009) Synergistic fungicidal efficacy of formulations of neem oil, nicotinic acid and Ferula asafoetida 257 
